In the strong Yukawa coupling limit the renormalization of trilinear couplings A i (t) and combinations of the scalar particle masses M 2 i (t) are studied in the framework of the Next-to-Minimal SUSY Model. The dependence of given parameters on their initial values at the Grand Unification scale disappears when the solutions of the renormalization group equations approach the infrared quasi fixed points. Besides that atα GUT Y i (0) 1 in the vicinity of quasi fixed points A i (t) and M 2 i (t) concentrated near lines or surfaces in the soft SUSY breaking parameter space. It occurs because the dependence of trilinear couplings and combinations of scalar particle mass on A i (0) and M 2 i (0) disappears rather weakly. We propose a method which enables to obtain equations for such lines and surfaces. Their origin is also discussed by means of exact and approximate solutions of the NMSSM renormalization group equations.
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Abstract In the strong Yukawa coupling limit the renormalization of trilinear couplings A i (t) and combinations of the scalar particle masses M 2 i (t) are studied in the framework of the Next-to-Minimal SUSY Model. The dependence of given parameters on their initial values at the Grand Unification scale disappears when the solutions of the renormalization group equations approach the infrared quasi fixed points. Besides that atα GUT Y i (0) 1 in the vicinity of quasi fixed points A i (t) and M 2 i (t) concentrated near lines or surfaces in the soft SUSY breaking parameter space. It occurs because the dependence of trilinear couplings and combinations of scalar particle mass on A i (0) and M 2 i (0) disappears rather weakly. We propose a method which enables to obtain equations for such lines and surfaces. Their origin is also discussed by means of exact and approximate solutions of the NMSSM renormalization group equations.
Introduction
Parameters of a soft breaking of supersymmetry plays a key role in analysing the particle spectra in supersymmetric (SUSY) models. The Bose-Fermi degeneracy of the spectrum is one of the most serious flaws in SUSY models. This means that the masses of observable particles and their superpartners coincide in the limit of exact supersymmetry, but this is in glaring contradiction with experimental data. Thus, supersymmetry must be broken, but its breaking must not lead to the hierarchy problem [1] . Such a breaking of supersymmetry is referred to as a soft breaking. Supersymmetry breaking associated with supergravity (SUGRA) effects is one of the most promising mechanisms for constructing a realistic model. Although the Lagrangian of N = 1 SUGRA models [2] is unrenormalizable, it can be shown that, in the low-energy region E M Pl , where M Pl = 2.4 · 10 18 GeV is the Planck mass, all unrenormalizable terms in the Lagrangian for observable fields are suppressed in a power-law way with respect to M Pl , vanishing in the limit M Pl → ∞. In the case being considered, the Lagrangian for observable fields can be represented as the sum
where L SUSY is the Lagrangian corresponding to unbroken supersymmetry, while L soft takes into account terms that generate a soft breaking of supersymmetry.
To a considerable extent, the form of the first term in (1) is determined by the superpotential of the SUSY model under study, this superpotential in turn being a function of chiral superfields. For a SUSY theory to be renormalizable, the superpotential must include only terms that are quadratic and cubic in chiral superfields S α :
When local supersymmetry is broken in SUGRA models, parameters of a soft breaking of supersymmetry are generated in the sector of observable fields [3] , [4] . Since the explicit form of terms that violate supersymmetry, but which do not lead to the emergence of second-order divergences, is known [5] , the Lagrangian for the case where supersymmetry is softly broken can be represented as
A αβγ h αβγ y α y β y γ + 1 2 B αβ µ αβ y α y β + h.c. ,
where y α are the scalar components of the chiral superfields S α and λ α are gaugino fields. Usually, the parameters M α , m 2 α , A αβγ , and B αβ of a soft breaking of supersymmetry are defined at the scale of M X ≈ 3 · 10 16 GeV. In minimal SUSY models, the values of all three gauge coupling constants g i coincide at this scale: g i (M X ) = g GUT [6] . This relationship between the gauge coupling constants arises within Grand Unified Theories [7] . In such theories, all observable gauge bosons and their superpartners (gaugino fields) belong to the same multiplet; therefore, the masses of all gauginos also coincide at the scale M X . In the following, we everywhere set M α (M X ) = M 1/2 . The parameters M 1/2 , m 2 α , A αβγ , and B αβ defined in this way at the Grand Unification scale should be treated as boundary conditions for the set of renormalization group equations that describes the evolution of the parameters of a soft breaking of supersymmetry down to the electroweak scale.
Within the minimal SUSY Standard Model (MSSM), an exact analytic solution to the renormalization group equations exists at tan β ∼ 1 [8] , in which case the Yukawa coupling constants h b and h τ for the b-quark and τ -lepton, respectively, are negligibly small. This solution makes it possible to analyse the evolution of the t-quark Yukawa coupling constant h t (t) and of the parameters of a soft breaking of supersymmetry. For the coupling constant h t (t), this solution has the form
where Y t (t) = h 2 t /(4π) 2 and t = ln(M 2 X /Q 2 ). The explicit expressions for the functions E t (t) and F t (t) are presented in the Appendix (see (31) ). At low energies, the second term in the parentheses on the right-hand side of (4) is much less than unity at sufficiently large values of h 2 t (0); as a result, all solutions (4) to the renormalization group equations are focused in a narrow interval near the quasi-fixed point Y QFP (t) = E t (t)/6F t (t) [9] . Formally, a solution of this type can be obtained by making Y t (0) tend to infinity in (4).
Along with the Yukawa coupling constant for the t-quark, solution to the renormalization group equations for the corresponding trilinear coupling constant A t for scalar fields and the combination M
2 of the scalar-particle masses approach the infrared quasi-fixed point with increasing h 2 t (0). An analytic solution for these parameters can be represented as
where t (t) = Y t (t)/Y t (0). In the regime of strong Yukawa coupling, in which case h 2 t (0) g 2 GUT (0), the natural small parameter t (t) arises in the theory being considered. In the infrared region, the dependence of the solutions in (4) and (5) on the boundary conditions at the Grand Unification scale disappears almost completely. Near the infrared fixed point, we have 
, which is of order 1/(10h 2 t (0)) at the electroweak scale. The properties of solutions to the renormalization group equations within the MSSM and the spectrum of particles in the infrared fixed point regime at tan β ∼ 1 were investigated in [10] - [13] .
At large values of tan β (about 50 to 60), the Yukawa coupling constants h b and h τ are of order h t ; for this case, an exact analytic solution to the renormalization group equations has not yet been found. Nonetheless, the detailed investigations performed in [1] , [13] , [14] revealed that, in this region of the parameter space, solution to the set of nonlinear differential equations being studied also approach the infrared quasi-fixed point, the basic properties of the solutions remaining unchanged.
A reduction of the number of independent parameters in the vicinity of the infrared fixed point at tan β ∼ 1 make it possible to obtain, to a sufficiently high degree of precision, an upper limit on the mass of the lightest Higgs boson. In the case being considered, this upper limit does not exceed 94 ± 5 GeV [12] , [13] , [15] , the constraints on the mass of the lightest Higgs boson from LEP II [16] being such that a considerable part of solutions approaching the quasi-fixed point at tan β ∼ 1 have already been ruled out by the existing experimental data. This gives an additional incentive to study the Higgs sector and the renormalization group equations and their solutions within more involved SUSY models.
Of extensions of the MSSM, the simplest one that makes it possible to preserve the unification of the gauge constants and which leads to a higher upper limit on the mass of the lightest Higgs boson is the nonminimal SUSY Standard Model (NMSSM) introduced in [17] , [18] . The Higgs sector of this model contains an extra singlet superfield Y in addition to two doublets H 1 and H 2 . The upper limit on the mass of the lightest Higgs boson within the NMSSM attains a maximum value in the regime of strong Yukawa coupling, in which case the Yukawa coupling constants Y i (0) are much greater than the gauge coupling constantα
2 . In the parameter space region being considered, solutions to the renormalization group equations within the NMSSM are attracted to quasi-fixed lines or surfaces in the space of Yukawa coupling constants. In the limit Y i (0) → ∞, all solutions to the set of differential equations in question are concentrated near quasi-fixed points [19] , which arise as the result of intersections of Hill lines or surfaces with the invariant line connecting the stable fixed point at Y i α i [20] with the stable infrared fixed point within the NMSSM [21] .
For the parameters of a soft breaking of supersymmetry, the behaviour of solutions to the renormalization group equations within the NMSSM is studied here near infrared quasi-fixed points. Approximate solutions for the trilinear coupling constants A i (t) and for the combinations M 2 i (t) of the scalar particle masses are presented in the Appendix. In the regime of strong Yukawa coupling, whereα GUT Y i (0) 1, A i (t) and M 2 i (t) at the electroweak scale are concentrated near some straight lines or surfaces in the space of parameters being considered. With increasing Y i (0), the dependence of the trilinear coupling constants and of the combinations of the scalar particle masses on A i (0) and M 2 i (0) becomes weaker; in the limit Y i (0) → ∞, solutions to the renormalization group equations for the parameters of a soft breaking of supersymmetry approach a quasi-fixed point.
Renormalization of the soft SUSY breaking terms for universal boundary conditions
The superpotential in the NMSSM involves a large number of Yukawa coupling constants. At tan β ∼ 1, however, all of these are small, with the exception of the t-quark Yukawa coupling constant h t , the self-interaction constant κ for the neutral scalar field Y , and the constant λ characterising the interaction of the field Y with the doublets H 1 and H 2 .
In the regime of strong Yukawa coupling, the aforementioned constants can be chosen in such a way that, at the scale M X , the Yukawa coupling constant h b for the b-quark is equal to the Yukawa coupling constant h τ for the τ -lepton [19] , [22] . This relationship between h b and h τ is usually realised in the minimal schemes of unification of gauge interactions [23] .
Disregarding all Yukawa coupling constants, with the exception of h t , λ, and κ, we can represent the total superpotential within the NMSSM in the form
By construction, the superpotential of the nonminimal SUSY model is invariant under the discrete transformations y α = e 2πi/3 y α of the Z 3 group [18] . Second order terms in superfields do not satisfy this condition; therefore, they have been eliminated from the superpotential (6) . Upon a spontaneous breaking of gauge symmetry, the field Y develops a nonzero vacuum expectation value ( Y = y/ √ 2). Thus, a mixing of the doublets H 1 and H 2 , which is necessary for the emergence of the vacuum expectation value v 1 of the H 1 doublet (without this vacuum expectation value, down quarks and charged leptons remain massless), is generated within the NMSSM.
That the extra superfield Y , which is a singlet with respect to SU(2) ⊗ U(1) gauge interactions, and the coupling constant λ are introduced in the superpotential (6) leads to an increase in the upper limit on the mass of the lightest Higgs boson in relation to that within the MSSM: in the NMSSM, it is 135 GeV [24] , which is 7 − 10 GeV greater than the corresponding value in the minimal SUSY model, the largest value of the mass of the lightest Higgs boson being attained in the regime of strong Yukawa coupling.
Upon a soft breaking of supersymmetry due to SUGRA effects, scalar fields acquire masses m 2 i ; in addition, a trilinear constant A i for the interaction of scalar fields is associated with each Yukawa coupling constant in the total Lagrangian of the theory. That the models being considered involve a large number of unknown parameters of a soft breaking of supersymmetry is one of the main flaws in such models. The hypothesis of universality of these constants at the scale M X makes it possible to reduce their number in the NMSSM to three (the mass m 0 of all scalar particles, the trilinear coupling constant A for the interaction of scalar fields, and the gaugino mass M 1/2 ), whereby the analysis of the spectrum of SUSY particles is significantly simplified. Naturally, the universal parameters of supersymmetry breaking arise in the minimal SUGRA model (see [4] , [25] ) and in some string models [26] . Even in the region of low energies, the hypothesis of universality of fundamental parameters makes it possible to avoid the emerging of flavour-changing neutral currents. Thus, the minimal set of the fundamental parameters in the NMSSM includes, in addition to the constants of the Standard Model, five unknown constants (λ, κ, A, m 0 , and M 1/2 ). Within the nonminimal SUSY model, the spectrum of the superpartners of observable particles and Higgs bosons for universal boundary conditions was studied in [27] .
The full set of renormalization group equations that describes the evolution of Yukawa coupling constants, the trilinear coupling constants A i (t), and the scalar particle masses m 2 i (t) within the nonminimal SUSY model from the Grand Unification scale down to the electroweak scale can be found in [28] , [29] (see also Appendix). This set of equations is nonlinear even in the one-loop approximation; in view of this, its analytic solution has not yet been found. All equations that form the set being considered can be partitioned into two groups. The first includes equations that describe the evolution of gauge and Yukawa coupling constants. If their evolution is known, the remaining equations from the set of renormalization group equations can be considered as a set of linear differential equations for the parameters of a soft breaking of supersymmetry. In solving this set of equations, it is necessary to integrate, first of all, the equations for the gaugino masses and for the trilinear coupling constants for the interactions of scalar particles. A general solution to the set of linear differential equations
where the matrix S ij (t) and the column vector (nonhomogeneous term) F i (t) are known, has the form
where Φ ij (t) is a solution to the homogeneous equation dΦ ij (t)/dt = S ik (t)Φ kj (t) with the boundary conditions Φ ij (0) = δ ij . Since we have y i (0) = (A, A, A) for A i (t) if the fundamental parameters are chosen in a minimal way and since F i (t) ∼ M 1/2 , the trilinear coupling constants for the interactions of scalar fields are given by
These solutions for A i (t) must be substituted into the expressions on the right-hand sides of the renormalization group equations for the scalar particle masses, the functions F i (t) involving terms proportional to A 2 , AM 1/2 , and M 
The functions e i (t),
, and d i (t), which determine the evolution of A i (t) and m
In just the same way, one can determine the position of the other quasi-fixed point for A i (t) and M 2 i (t), that which corresponds to R λ0 = 3/4, R κ0 = 3/8. The results are
where
. It should be noted that, in the vicinities of quasi-fixed points, we have ρ Table) . In other words, an elegant mechanism that is responsible for a radiative violation of SU(2) ⊗ U(1) symmetry and which does not require introducing tachyons in the spectrum of the theory from the outset survives in the regime of strong Yukawa coupling within the NMSSM. This mechanism of gauge symmetry breaking was first discussed in [30] by considering the example of the minimal SUSY model. The evolution of the constants of a soft breaking of supersymmetry, A i (t) and M By using the fact that M 2 i (t) as determined for the case of universal boundary conditions is virtually independent of m 2 0 , we can predict a i (t 0 ) values near the quasi-fixed points. The results are
To do this, it was necessary to consider specific combinations of the scalar particle masses, such as m dependence of the parameters of the parameters of a soft breaking of supersymmetry disappears. From this point, our analysis of solutions to renormalization group equations for A i (t) and M 2 i (t) will not be restricted to the case of universal boundary conditions; that is, A i (0) and M 2 i (0) will be considered as independent boundary values. In the case being considered, the full set of renormalization group equations within the NMSSM can be partitioned into two subsets -of these, one coincides with the set of renormalization group equations within the MSSM, while the other describes the evolution of Y κ (t), A κ (t), and M 2 κ (t). For Y λ = 0, the evolution of A t (t) and M 2 t (t) is determined by relations (5). For the other two parameters A κ (t) and M 2 κ (t) of a soft breaking of supersymmetry, which correspond to the Yukawa coupling constant κ, we obtain
, the values of the Yukawa coupling constants at the electroweak scale approach the quasifixed point, while solutions to the renormalization group equations for the parameters of a soft breaking of supersymmetry are attracted to the straight lines A t = 1.67M 1/2 and A κ = 0 in the (A t , A κ ) plane and to the straight lines M At nonzero values of Y λ , it is possible to construct, on the basis of an approximate solution for the Yukawa coupling constants within the NMSSM [19] , approximate solutions to the renormalization group equations for the parameters of a soft breaking of supersymmetry.
Near the quasi-fixed points given by (12) and 13, these solutions describe the evolution of A t (t) and M 2 t (t) to a fairly high precision (about 1%). The relative deviations of the approximate solutions from numerical ones are significantly greater for A λ (t) and M 2 λ (t). At the electroweak scale, the relative error here is as large as 20 − 30% near quasifixed points. Finally, the approximate solutions for the parameters of a soft breaking of supersymmetry that correspond to the Yukawa coupling constant κ are characterised by the poorest accuracy, providing only a qualitative description of the behaviour of the numerical solutions. Our results lead to the conclusion that the relative deviation of the approximate solution being studied from the precise numerical solution decreases with increasing contribution of gauge interactions to the renormalization of the corresponding parameter of a soft breaking of supersymmetry.
Approximate solutions to the renormalization group equations within the NMSSM for the trilinear coupling constants and the combination (10) of the scalar particle masses are presented in the Appendix. In the regime of strong Yukawa coupling at A i (0) = A and M 
In (16), we discarded terms proportional to
, and A i (0)A j (0). The explicit expressions for the functions F i (t) are presented in the Appendix (see (31) ). From the results that we obtained, it follows that, in the case of nonuniversal boundary conditions, the approximate solutions to the renormalization group equations for A i (t) and M 2 i (t) remain dependent on the difference of the values of these constants at the Grand Unification scale. At the same time, the linear combinations
of the parameters undergo virtually no changes in response to variations of A i (0) in the first combination and of M 2 i (0) in the second combination. At the electroweak scale (t = t 0 ), relations (17) specify straight lines (at Y κ = 0) and planes (at Y κ (0) α(0)) in the space of the parameters of a soft breaking of supersymmetry. In the regime of strong Yukawa coupling, the approximate solutions to the renormalization group equations are attracted to these straight lines and planes.
The results of our numerical analysis, which are illustrated in Figs. 5 and 6, indicate that, in the vicinity of the infrared fixed point at Y κ = 0, solutions to the renormalization group equations at the electroweak scale are indeed concentrated near some straight lines for the case where the simulation was performed by using boundary conditions uniformly distributed in the (A t , A λ ) and the (M In (18) and (19), the predictions for the coefficients of A λ , A κ , M 2 λ , and M 2 κ according to the calculations at R λ0 = 1, R κ0 = 0 and at R λ0 = 3/4, R κ0 = 3/8 on the basis of the approximate solutions (16) and (17) to the renormalization group equations within the NMSSM in the regime of strong Yukawa coupling are given in parentheses. It can be seen from Figs. 7 and 8 that, as the values of the Yukawa coupling constants at the Grand Unification scale are increased, the areas of the surfaces near which the solutions A i (t) and M 2 i (t) are concentrated shrink in one of the directions, with the result that, at Y i (0) ∼ 1, the solutions to the renormalization group equations are attracted to one of the straight lines belonging to these surfaces.
Thus, the approximate solutions presented in this study lead to qualitatively correct results. However, an analysis of numerical solutions to the renormalization group equations revealed that, with increasing Y i (0), only in the regime of infrared quasi-fixed points (that is, at R λ0 = 1, R κ0 = 0 or at R λ0 = 3/4, R κ0 = 3/8) do e i (t 0 ) andã i (t 0 ) decrease in proportion to 1/Y i (0). Otherwise, the dependence on A and m 2 0 disappears much more slowly with increasing values of the Yukawa coupling constants at the Grand Unification scale -specifically, in proportion to (Y i (0)) −δ , where δ < 1 (for example, δ = 0.35 − 0.40 at κ = 0). In the case of nonuniversal boundary conditions, only when solutions to the renormalization group equations approach quasi-fixed points are these solutions attracted to the fixed lines and surfaces in the space of the parameters of a soft breaking of supersymmetry; in the limit Y i (0) → ∞, the parameters A i (t) and M 2 i (t) cease to be dependent on the boundary conditions, in contradiction with the results presented in 16 (16) . Finally, we note that, by using approximate solutions to the renormalization group equations within the NMSSM, it is impossible to explain the emergence of those lines in the (A t , A λ , A κ ) and (M 
Analysis of solutions of the renormalization group equations near quasi-fixed points
That, in the regime of strong Yukawa coupling, quasi-fixed points, lines, and surfaces appear in the space spanned by the parameters of a soft a breaking of supersymmetry is
12 GeV, the Yukawa coupling constants are significantly greater than the gauge coupling constants and decrease fast with increasing t. In this region, the evolution of all fundamental parameters of a soft breaking of supersymmetry is determined by Y i (t), so that all gauge coupling constants α i (t) can be disregarded for a first approximation. At the initial stage of evolution, the one-loop renormalization group equations for Y i (t) can then be represented in the form
where c ij ≥ 0. If the set of (20) has a fixed point, all the Yukawa coupling constants are proportional to each other in the vicinity of this point. In analysing (20) , it is therefore convenient to introduce the additional constant Y 0 satisfying the equation
and to investigate, instead of Y i (t), the ratio r i (t) = Y i (t)/Y 0 (t). The fixed point of the renormalization group equations (20) is then determined by solving the set of linear algebraic equations
Linearising the set of renormalization group (20) near the fixed point r i (t) = r
A general solution to this set of linear differential equations at θ i = 0 has the form
where λ k are the eigenvalues of the matrix c ij r 0 j , u ik is the eigenvector corresponding to the eigenvalue λ k , and α k and β k are constants of integration that are expressed in terms of A i (0) and M In the case where only the t-quark Yukawa coupling constant is nonzero, the set of differential (20) for the Yukawa coupling constants reduces to one equation; as a result, the full nonlinearised set of renormalization group equations can be solved exactly in the limitα i → 0. The results are given by
where t (t) = Y t (t)/Y t (0). The solution in (24) coincides in form with solution (23) to the above linearised set of differential equations. Formally, it can be obtained by setting M 1/2 = 0 and E(t) = 1 in the exact solution to the NMSSM renormalization group equations that is given by (4) and (5) . A comparison of the analytic solution (24) in the regime of strong Yukawa coupling with the exact solution to the renormalization group equations within the minimal SUSY model reveals that, as the result of the evolution of A t (t) and M 2 t (t) from the scale q 1 ∼ 10 12 GeV to the electroweak scale, there arises, in addition to t (t), an extra factor 1/E(t) in front of A t (0) and M 2 t (0) in (5) . This new factor is independent of the initial conditions for the t-quark Yukawa coupling constant at the Grand Unification scale.
From relations (23) , it follows that an expansion of solutions to the renormalization group equations in powers of the small parameters t (t) -this expansion emerges in the regime of strong Yukawa coupling within the MSSM -is also valid in more involved models. At the electroweak scale, solution (23) to the renormalization group equations can be represented as
where the quantities v ik (t) are weakly dependent on the Yukawa coupling constants at the Grand Unification scale and t (t) = Y t (t)/Y t (0). In expressions (25), we have discarded terms proportional to M 1/2 , M 
These relations agree well with the results obtained above and presented in (18) . Moreover, the equations deduced for the straight lines at Y i (0) ∼ 1 by fitting the results of the numerical of the numerical calculations nearly coincide with those in (26) .
When the Yukawa coupling constant κ is nonzero, the matrix c ij r 0 j has three eigenvalues. One of these is λ 0 = 1, while the other two are λ 1 = 3 + √ 5 9 ≈ 0.58 and
≈ 0.085. The corresponding eigenvectors u i1 and u i2 , which specify
(1 + √ 5)
An increase in Y λ (0) = 2Y κ (0) = 3 4 Y t (0) leads to the following: first, the dependence of A i (t) and M 2 i (t) on α 0 and β 0 disappears, which leads to the emergence of planes in the space spanned by the parameters of a soft breaking of supersymmetry, (26) and (28), it follows that A t (t 0 ) and M 2 t (t 0 ) are virtually independent of the initial conditions; that is, the straight lines and planes and orthogonal to the A t and M (22) at θ i = 0 can be represented in the form
where γ k are constants of integration. In the stable fixed point regime, where all θ i are equal to zero ,the evolution of A i (t) and M 2 i (t) is identical to that within the MSSM (see (24)). In the limit being considered, the dependence on A(0) and M 2 (0) dies out fast, in proportion to Y t (t)/Y t (0), and the parameters A i (t) and M 2 i (t) approach the fixed point. Since θ i ∼ e λ min z for z → −∞, the dependence of the parameters of a soft breaking of supersymmetry on the initial conditions is determined by ( t (t)) λ min in all other cases -that is, by the strength with which the quasi-fixed point attracts the solutions to the renormalization group equations for the Yukawa coupling constants in the limiting case of Y i (0) α i (0). As a rule, λ min is significantly less than unity; for example, λ min = 3/7 ≈ 0.43 at κ = 0 and λ min ≈ 0.085 at nonzero κ. This is the reason why, in the regime of strong Yukawa coupling, the dependence on A and m 2 0 dies out at a rate much lower than that which is predicted by approximate solutions. Nonetheless, expressions (23)- (25) and (29) for A i (t) and M 
Conclusion
An increase in the Yukawa coupling constants at the Grand Unification scale results in that, for Y t (t), Y λ (t), and Y κ (t), the solutions to the renormalization group equations within the NMSSM are attracted to infrared quasi-fixed points. We have shown that, as Y i (t) approach these points, the corresponding solutions for the trilinear coupling constants A i (t) characterising scalar fields and for the combinations M 2 i (t) of the scalar particle masses (see (10) ) cease to be dependent on their initial values at the scale M X and, in the limit Y i (0) → ∞, also approach the fixed points in the space spanned by the parameters of a soft breaking of supersymmetry. Since the set of differential equations for A i (t) and m 2 i (t) is linear, the A, M 1/2 , and m 2 0 dependence of the parameters of a soft breaking of supersymmetry at the electroweak scale can be explicitly obtained for universal boundary conditions. It turns out that, near the quasi-fixed points, all A i (t) and all M 2 i (t) are proportional to M 1/2 and M 2 1/2 , respectively. Thus, we have shown that, in the parameter space region considered here, the solutions to the renormalization group equations for the trilinear coupling constants and for some combinations of the scalar particle masses are focused in a narrow interval within the infrared region. Since the neutral scalar field Y is not renormalized by gauge interactions, A κ (t) and M 2 κ (t) are concentrated near zero; therefore they are still dependent on the initial conditions. The parameters A t (t 0 ) and M 2 t (t 0 ) show the weakest dependence on A and m 2 0 because these parameters are renormalized by strong interactions. By considering that the quantities M 2 i (t 0 ) are virtually independent of the boundary conditions, we have calculated, near the quasi-fixed points, the values of the scalar particle masses at the electroweak scale.
In the general case of nonuniversal boundary conditions, the solutions to the renormalization group equations within the NMSSM for A i (t) and M 2 i (t) are grouped near some straight lines and planes in the space spanned by the parameters of a soft breaking of supersymmetry. Moving along these lines and surfaces as Y i (0) is increased, the trilinear coupling constants and the above combinations of he scalar particle masses approach quasi-fixed points. The formation of the straight lines and planes can be traced by considering the examples of an exact (at Y λ = 0) and an approximate (for Y λ = 0) solution. Although the approximate solution for the parameters of a soft breaking of supersymmetry in a nonminimal SUSY model (this solution has been obtained here for the first time) describes the evolution of A κ (t) and M 2 κ (t) very poorly, it leads to qualitatively correct results.
However, our analysis of the behaviour of solutions to the renormalization group equations within the NMSSM in the regime of strong Yukawa coupling has revealed that the A i (0) and M 2 i (0) dependence of the trilinear coupling constants and the above combinations of the scalar particle masses dies out quite slowly, in proportion to ( t (t)) λ min , where
and λ min is the minimal eigenvalue of the matrix c ij r 0 j . As a rule, λ min is positive and much less than unity. For example, λ min = 3/7 at Y κ = 0 and λ min ≈ 0.0085 at Y κ = 0. The above is invalid only for the solutions A i (t) and M 2 i (t) that correspond to universal boundary conditions for the parameters of a soft breaking of supersymmetry and to the initial values of R λ0 = 1, R κ0 = 0 and R λ0 = 3/4, R κ0 = 3/8 for the Yukawa coupling constants at the Grand Unification scale. They correspond to quasi-fixed points of the renormalization group equations for Y i (t). As the Yukawa coupling constants are increased, such solutions are attracted to infrared quasi-fixed points in proportion to t (t).
It is precisely because of the inequality λ min 1 that straight lines in the (A t , A λ , A κ ) and (M 
In the space spanned by the parameters of a soft breaking of supersymmetry, these straight lines lie in the planes near which A i (t) and M 2 i (t) are grouped in the regime of strong Yukawa coupling at the electroweak scale. A method has been proposed in the present study for deriving equations that describe the straight lines and planes being discussed. The straight lines and planes that were obtained by using this method or by fitting the results of our numerical calculations are nearly orthogonal to the A t and M 2 t axes. This is because the constants A t (t 0 ) and M 2 t (t 0 ) are virtually independent of the initial conditions at the scale M X . On the other hand, the parameters A κ (t 0 ) and M 2 κ (t 0 ) are determined, to a considerable extent, by the boundary conditions at the scale M X . At R λ0 = 3/4 and R κ0 = 3/8, the planes in the (A t , A λ , A κ ) and (M Within the NMSSM involving a minimal set of fundamental parameters, we have been unfortunately unable to construct, at Y i (0) α i (0), a self-consistent solution that, on one hand. would lead to a heavy spectrum of SUSY particles and which, on the other hand, would make it possible to obtain, for the lightest Higgs boson, a mass value greater than that in the MSSM. In order to obtain such a solution, it is necessary to modify the nonminimal SUSY model. In the near future, we plan to investigate the spectrum of the superpartners of observable particles and Higgs bosons within the simplest modification of the NMSSM such that it leads to a self-consistent solution in the regime of strong Yukawa coupling.
Appendix
Set of the renormalization group equations of the NMSSM and an approximate solution of it.
The full set of one-loop renormalization group equations of the NMSSM can be represented in the form [28] 
where the index i runs through the values from 1 to 3,
The variable t is defined in a conventional way:
16 GeV. On the right-hand sides of (30), we have discarded terms proportional to the Yukawa coupling constants Y b and Y τ , because their contribution is negligibly small at tan β ∼ 1. For the Yukawa and gauge coupling constants, the set of two-loop renormalization group equations within the NMSSM is presented in [29] . Using the results obtained from an analysis of renormalization of various types of constants in SUSY theories [31] and also the two-loop equations for the Yukawa and the gauge coupling constants, one can easily obtain the relevant renormalization group equations describing the evolution of parameters of a soft breaking of supersymmetry. Moreover, the full set of two-loop renormalization group equations of the NMSSM can be obtained directly from the results presented in [32] .
Although an exact analytic solution to the set of one-loop renormalization group equations (30) of the NMSSM is not known at present, an approximate solution for the parameters of a soft breaking of supersymmetry can be constructed on the basis of the approximate solution for the Yukawa coupling constants [19] :
To do this, it is necessary to replace the quantitiesα i and Y i in the approximate solution (31) byα i and Y i :α
where θ are Grassmann variables, and to construct an expansion in η. This method for deducing solutions made it possible to simplify considerably the expressions for A t (t) and M 2 t (t) within the MSSM at tan β ∼ 1 [33] and to obtain and analyse approximate solutions for the parameters of a soft SUSY breaking within the MSSM for tan β 1 [34] . In the most general case of nonuniversal boundary conditions, we have
where e ij (t) =ã ij (t), since the homogeneous equations for A i (t) and M 2 i (t) coincide, and where the functions e ij (t),ã ij (t), f i (t),b i (t),c ij (t), andd ijk (t) are expressed in terms of the partial derivatives of the Yukawa coupling constants as
Substituting the above approximate solutions for the Yukawa coupling constants within the NMSSM into (34), we obtain:
,
;
At Y λ (0) = 0, the solution given by (31) and (35) coincides with the exact analytic solution of the set of renormalization group equations (30) . Summing the above expressions for e ij (t),c ij (t), andd ijk (t),
we find the functions e i (t),c i (t), andd i (t), which determine the dependence of the parameters of a soft SUSY breaking on A, M 1/2 , and m 2 0 for the universal boundary conditions. Fig. 3 . Evolution of the trilinear couplings A t (t), A λ (t), and A κ (t) from the Grand Unification scale (t = 0) to the electroweak scale (t = t 0 ) at h 
